Abstract. Deep volcanic reservoir in Xinjiang Zhungeer basin is buried over 4000m, the elastic modulus of reservoir rocks is high, hence it is difficult to initiate hydraulic fracture during fracturing operation; fracturing fluid filtration is serious and hard to be controlled due to the massive natural fractures in reservoir. Because of the serious heterogeneity along both horizontal and vertical direction, the optimum targets of design fracturing for different well layers are not the same. 4 out of 12 fracturing wells have not achieved the target amount of proppant. Ultimately, fracturing success rate is low and the production increase after fracturing shows a big difference among different wells. In order to improve the success rate and efficiency of deep volcanic reservoir fracturing, based on the analysis of the difficulties in previous fracturing operation, combined with the geological characteristics of reservoir, we optimized the key engineering parameters of deep volcanic rock fracturing, including perforation parameters, filtration parameters, fracture parameters and operation parameters. Results of fracturing design optimization bear an important guiding significance for improving the fracturing success rate and efficiency of deep volcanic reservoir in Zhungeer basin, Xinjiang province.
long-term effect of the closure pressure [14] , which may impair the hydraulic fracture conductivity. Additionally, the high stress can also lead to the conditions that the volcanic rocks cannot be cracked by existing equipment [15] . Besides the high stress, high temperature usually is an inevitable challenge, , for example, China's Daqing Xujiaweizi fault depression deep volcanic gas reservoir temperature ranged from 120 to 170 [16] , Temperature of deep volcanic reservoir in southern Song Liao basin even reach to 183 [17] , presenting a fundamental challenge to the selection of fracturing fluid.
Jinlong 2 reservoir is a typical deep fault block reservoirs, reservoir buried depth is about 4000m, the development of nearly north-south, east-west nearly two sets of faults, including three near NS faults: Jing201 west fault, Jinglong2 fault and Ke301 fault; seven near EW trending faults: Jing204 south fault, Jing213 south fault, Jing201 north fault, Jing207 south fault, Jing208 south fault, Jing214 south fault and Jing215 north fault. According core physical properties, average porosity of the reservoir is 10.82%, the average permeability is0.43mD, Based on seismic data prestack inversion to predict natural fractures development in northern; the degree of fracture development in southern is relatively weak; the natural fracture width is mainly distributed between the 0.01mm-0.19mm, which are mostly micro-fractures; fracture density is ranged from0.02m -1 -6.93 m -1 , the fracture dip angle is generally larger than 45°; the strike of natural fractures is East-West proximately. According to the indoor rock mechanics experiments, the elastic modulus of volcanic rock in Jinlong 2 reservoir is 30152MPa, poisson ratio is 0.186, the direction of maximum principal stress is 118°, with value of 82MPa, the minimum principal stress is 68MPa. In view of the geological characteristics of deep volcanic reservoir in the Zhungeer basin, the key fracturing parameters are optimized based on the analysis of the previous fracturing operation.
The characteristics of previous fractured well
Based on the fracturing operation of 12 wells in Jiamuhe groups, 4 wells did not complete the target amount of proppant, as is seen in Table 1: (1) Success rate is low: Jing 218, 219, 203, 212 did not complete the target amount of proppant, which means that fracturing operation of 33.3% wells hasn't been completed thoroughly.
(2) Efficiency is low: 6 wells are dry layer or water layer after fracturing, which is half the total fractured wells, reflecting that fracturing parameters are required to be further optimized.
Combined with the geological characteristics of volcanic reservoir, the key features of fractured wells in early stage are:
(1) The fracturing effect of gas bearing block is high Previous fracturing result show that fracturing effect better in two gas bearing fault blocks located in the high position of structure, such as Jing215 wells, Ke301 well(Jing214 fault block), Jing213 well and Jing201 wells(Jing201 fault block).
(5) The success of fracturing is a prerequisite to fracturing effect Figure 1 shows a comparison of the injection proppant, sand ratio and production of fractured wells. Among the 4 wells, JL2002, J203, J215 and J220 with injection proppant amount over 20m 3 , only J220 is ineffective with a relatively low sand ratio-7.14%. It suggests that a large amount of proppant being injected by efficient sand ratio would improve the efficiency of fracturing. For the 6 ineffective wells, which J203, J216, J218 and J220 four wells sand ratio is 10% or less (J203, J216 and J218 produced water in oil test, J220 is non-productive at all), inefficient sand ratio may directly result in ineffective fracturing. Therefore, both fracture conductivity and propped fracture length play an important role in a successful fracturing operation, filtration. The problem of the low success rate and low efficiency need to be solved by optimization design of fracturing parameters. It is difficult to control the expansion and extension of the multi fractures, which is essential part of the design for critical fracturing parameters.
Filtration control design
When the fracture width is larger than the diameter of proppant, proppant could move unrestrictedly in the fracture without forming effective blockage to control the fracture fluid loss. According to 3 times of particle diameter proppant access criterion, the fracture width should be greater than 2.5dprop. By using 70 / 140, 40 / 70, 20 / 40 mesh sand plug schedules to control fluid loss, the minimum fracture width to form a blockage is shown in Table 2 . The low concentration proppant cannot control filtration dominated by fissured with over 0.36mm width, while the low concentration medium sand can form a bridge within 1.45mm fractures, but it is high permeability medium cannot reduce the filtration effectively. In most of the fractures with 0.4-1.5mm width, small diameter particles of 100 mesh cannot form an effective blockage, meanwhile, large diameter particles of 20/40 mesh can form a blockage, and its permeability is too high to control the fluid filtration. In order control the fluid loss in open fractures, a dualistic proppant scheme has been proposed-using mixed proppant with different diameters to fill fractures, large proppant for fracture bridging and small proppant for fluid loss control.
Because it is difficult for large proppant to enter the closed natural fractures, conventional filtrate reducer can be used to control the filtration, the commonly used filtration reducer contains silica and clay, but the defects of this kind of material is that when it is get into reservoir it might permanently block some pore channels. In order to address this problem, the JL-1 filter should be selected specifically. Table 3 is the experiment result of filtrate loss control by JL-1.When increase the dosage of JL-1 by 1%, the liquid filtrating time is delayed by 15min, and the wall building filtration coefficient was decreased by nearly 1/2; when increase the dosage of JL-1 by 2%, the wall building filtration coefficient decrease even more. It implies that JL-1 in fracturing fluid has a significant effect on reducing the filtration. 
Filter out 30 min later
In order to analyze the effect of JL-1 on core permeability. Damage to core permeability in water based gel fracturing fluid is analyzed by using artificial core, result is shown in Table 4 . During fracturing operation, the natural fracture opening width would be more than 1-3mm, 20/40 mesh and 100 mesh proppants are simultaneously used to control the fluid loss in multiple fractures. Based on the fluid-loss-control principle of naturally fractured reservoir, in addition to applying proppant slug in pre-pad fluid stage, employing dualistic proppant scheme is also an efficient method to reduce fluid loss in multiple fractures. Table 5 . Pre-pad schedule with proppant slugs for multi -fracture fluid loss control. 
Optimal design of fracturing parameters
Perforation parameters. Perforating parameters have a direct impact on the generation and evolution of hydraulic fractures. In order to enhance the operation success rate in volcanic rock reservoir, the length and direction of the perforated section should be optimized. Since the hydraulic fractures initiate and propagate along maximum horizontal principal stress direction, and the maximum principal stress direction of target reservoir is NE113°~NE124°, the perforation azimuth should be controlled to determine the initiating point of hydraulic fracture, so that can not only avoid the hydraulic crack extension along other directions, and can guarantee the hydraulic fracture will not propagate deviously but in a straight line.
Too short perforation interval will result in high perforation friction during fracturing operation; too long perforation interval will lead to multiple fractures extension. The optimization of perforation length can learn from fracturing
Fig. 2. The relationship between proppant amount and oil production after fracturing
There is a strong positive correlation between sand ratio and the conductivity of the propped fracture. The relationship between average sand ratio and production after fracturing demonstrates that an enough fracture conductivity is critical for fracturing effect. However, Figure 3 shows the relationship between the average sand ratio and well production is not obvious, so high fracture conductivity cannot reflect the fracturing effect. On the other hand, it implies that a long hydraulic fracture with appropriate conductivity could maximize the fracturing effect for low permeability volcanic reservoir.
Fig. 3.
Relationship between average sand ratio and well production. Figure 4 shows the relationship between hydraulic fracture length and well production, and Fig. 5 shows the relationship between hydraulic fracture conductivity and well production. When the hydraulic fracture half-length exceeds 120m, the increasing length of hydraulic fracture will not contribute to raising well production, so the optimal hydraulic fracture in the reservoir is about 110-120m. Besides, when the conductivity of hydraulic fracture is larger than 25D.cm, the increasing of fracture conductivity dose little contribution to raising well production, so 20-25D·cm is the optimal conductivity to this reservoir. The analysis shows that appropriate conductivity is required for the long fracture in low permeability volcanic reservoir. 
Operation parameters
The operation parameters mainly include the pre-pad fluid ratio, sand ratio and pump rate. Pump rate. The optimization of fracturing operation depends on many factors, and the high pump rate is beneficial to increase fracture width. And because of the increase of the injection speed and the decrease of the injection time, both sand settling time and fracturing fluid viscosity breaking are decreased consequently, therefrom, high pump rate could also improve the carrying capacity of fracturing fluid. On the other hand, the high pump rate will result in high net pressure, so that a large number of natural fractures will open, exacerbating the fracturing fluid filtration. From the above, the optimization of the pump rate should not only consider the fluid carrying capacity in volcanic reservoir, but also the control of fluid filtration. The critical maximum sand ratio and natural fracture state under different pump rates is shown in Table 7 . To meet the 35% of the maximum design sand amount, pump rate at least need to reach 3.0m3/min, meanwhile, when pump rate is lower than 4.0m3/min, natural fractures cannot open, when pump rate is higher than 3.5m3/min shear failure will occur in natural fractures, the filtrate reducer can be used to control fluid filtration and avoid vast fluid loss through massive open natural fractures. From the above, pump rate should be chosen in the range of 3.0~4.0 m3/min.
Conclusion and cognition
(1) Based on the geological features of deep volcanic reservoir in the Zhungeer basin and the previous fracturing experience, the difficulties of fracturing in deep volcanic reservoir were analyzed, which is mainly reflected in the control of multiple fractures extension and fracturing fluid filtration, and the optimal design of key fracturing parameters.
(2) A comprehensive control methods based on dualistic proppant scheme was proposed to effectively control the fluid filtration in both open and closed fractures, satisfied the requirement of hydraulic fracturing in deep volcanic reservoir. . A pre-pad schedule with proppant slugs was designed to deal with fracturing fluid loss in multiple fractures.
These method could dramatically increase the success rate of hydraulic fracturing in volcanic reservoir.
(3) Based on the requirement of controlling the multiple fractures propagation, the perforation parameters were optimized by numerical simulation method. The optimal hydraulic fracture length and conductivity were carried out by using numerical simulation method; Based on the requirement of fracturing operation, the ratio of the pre-pad fluid, sand ratio and pump rate were also optimized, and the results have an important guiding significance for improving the fracturing effect of deep volcanic reservoir. 
